INTRODUCTION
Second-trimester screening for Down syndrome using maternal serum α-fetoprotein (AFP), human chorionic gonadotrophin (hCG), or free β-hCG, with or without unconjugated estriol (uE 3 ) and inhibin has become established practice. The discovery that ultrasound nuchal translucency (NT) measurement is a powerful Down syndrome marker has led to the development of first-trimester screening using NT and concurrent maternal serum pregnancy-associated placental protein-A (PAPP-A) and free β-hCG. This has the advantages over second-trimester screening of earlier diagnosis and reassurance, and also a detection rate that is higher for a given false-positive rate. In the pooled results of the six prospective intervention studies published to date, the detection rate (DR) is 89% and false-positive rate (FPR) is 6.6% (Krantz et al., 2000; Schuchter et al., 2002; von Kaisenberg et al., 2002; Bindra et al., 2002; Spencer et al., 2003; Wapner et al., 2003) . *Correspondence to: Dr Dave Wright, Department of Mathematics and Statistics, University of Plymouth, Drake Circus, Plymouth PL48AA, UK. E-mail: d.wright@plymouth.ac.uk A logical extension is to attempt to obtain even better results by a combination of first-and secondtrimester markers. Wald et al. (1999) have suggested using the best markers in each trimester, NT and PAPP-A in the first together with AFP, free β-hCG, uE 3 and inhibin in the second, to derive a single risk figure for counselling ('the Integrated test'). Model predictions based on parameters from the Serum, Urine and Ultrasound Screening Study (SURUSS) suggest that this can achieve a DR of 85% for an FPR as low as 1.2% (Wald et al., 2003) . However, this level of performance requires that the first-trimester results be withheld from women until the second-trimester markers have been measured. This type of strategy, referred to as non-disclosure sequential screening (Cuckle, 2002) , remains controversial. Herman et al. (2002) have suggested that clinical staff may find non-disclosure of high-risk first-trimester results unacceptable, believing that the interests of individual patients may be better served by immediate counselling for invasive prenatal diagnosis. Similarly, Copel and Bahado-Singh (1999) argue that patients may put considerable pressure on clinicians to disclose intermediate findings since for social and personal reasons they would prefer to terminate an abnormal fetus as early as possible. These concerns have motivated some to propose a policy of routine disclosure (Herman et al., 2002) despite the concomitant considerable increase in false-positive rate for any given detection rate (Wald et al., 2003; Cuckle and Arbuzova, 2004) .
One possible compromise solution is a contingent strategy similar to that used in the design of group sequential clinical trials (Pocock, 1982) . Such an approach has been considered in relation to firsttrimester screening, whereby only women with borderline NT results are offered concurrent serum marker determination (Cuckle and Arbuzova, 2002, 2004) or vice versa (Christiansen and Larsen, 2002) . Recently, Maymon et al. (2004) used the same strategy in sequential first and second-trimester screening. They chose a high first-trimester risk cut-off above which a complete Integrated test is unlikely to become negative to define a group for early karyotyping, and used logistic regression to define a very low risk group who need no further testing. The remainder would have their risk reassessed after second trimester-marker determination.
In this article, we develop contingent sequential screening further by using statistical modelling to define optimal first trimester upper and lower risk cut-offs. We demonstrate that only a small proportion of women need to have second-trimester markers measured, with little loss of performance compared with the Integrated test.
METHODS

Policy
Contingent screening in general is defined in terms of three risk cut-offs (Figure 1 ). In the first trimester, those women at very high risk (above 1 in c 1 ) would be offered immediate invasive prenatal diagnosis. Those women with very low risks (below 1 in c 2 ) would be provided with their risk estimate and require no additional testing. Those with intermediate risks (between 1 in c 1 and 1 in c 2 ) would receive second trimester marker testing. Their risk would be re-evaluated after incorporating all first and second-trimester markers and compared with a third risk cut-off (1 in d ). This formulation includes, as special cases, all women receiving only concurrent firsttrimester screening (c 1 = c 2 ) or all women receiving the Integrated test (c 1 = 1, c 2 = ∞). Other special cases are when no pregnancies in the first trimester are screen negative (c 2 = ∞) or screen positive (c 1 = 1).
In the primary analysis reported below, contingent screening was applied to the components of the Integrated test as specified in the SURUSS: NT and PAPP-A at 10 weeks' gestation; AFP, free β-hCG, uE 3 and inhibin at 14 to 20 weeks. In subsidiary analyses, free β-hCG is moved to 10 weeks and in addition hCG is included at 14 to 20 weeks. All risks were expressed in terms of the live-birth incidence of Down syndrome.
Model
All markers were expressed as multiples of the gestation specific median (MoMs) for unaffected pregnancies and log 10 transformed. A multivariate Gaussian model was used to describe the distributions of marker profiles in Down syndrome and in unaffected pregnancies (Royston and Thompson, 1992) . Estimates of the means, standard deviations and correlation coefficients in affected and unaffected pregnancies were obtained from the SURUSS (Wald et al., 2003) . The study included NT measurements on 85 Downs syndrome and 39 898 unaffected pregnancies with serum marker levels for 98 cases and 490 controls.
The maternal age distribution was taken to be that of England and Wales for the period 1996 to 1998 (Office for National Statistics, 1997 Statistics, -1999 . The maternal age related risk of Down syndrome was obtained from the model of Wright and Bray (2000) .
Rates
Detection and false-positive rates were estimated using Monte Carlo methods to sample from the modelled distributions. Samples of 500 000 observations were drawn; likelihood ratios were computed for each observation and used to derive maternal age specific rates, which were then combined. The precision of the various measures reported was assessed both theoretically and empirically and 500 000 pregnancies in each group give sufficient precision. However, variability due to the model parameter estimation remains. Documentation and copies of the S-Plus functions used in the estimation of detection and false-positive rates are available on request from the corresponding author.
Following the SURUSS (Wald et al., 2003) , a reference detection rate of 85% was adopted to facilitate comparisons. c 1 was varied to derive early detection rates of 30, 35, 40, 45 and 50%; for each value of c 1 , c 2 was varied to derive early screening completion rates of 65, 70, 75, 80 and 85%. For all the combinations of c 1 and c 2 , d was then determined, and the overall falsepositive rate was estimated and compared with the 1.2% estimated for the Integrated test. Table 1 shows the increase in false-positive rate over that achieved with the Integrated test, according to the contingent screening protocol. For any given early detection rate, the false-positive rate is not greatly affected by increases in the early completion rate under 80% but rises rapidly thereafter (see also Figure 2 ). For example, it would require a 0.5 to 0.6% increase in the false-positive rate to obtain an early completion rate of 85% for all the tabulated early detection rates. Figure 2 also shows that at all early completion rates the false-positive rate rises rapidly for early detection rates over 50%.
RESULTS
One attractive contingent screening policy was associated with a 0.1% increase in the false-positive rate and yielded a 30% early detection rate and 75% early completion rate. Either the early detection rate could be increased to 45% or the early completion rate could be increased to 80% for a false-positive rate that was 0.2% more than the Integrated test. To achieve both would require an increased false-positive rate of 0.3%. Any further improvement in the early detection rate or early completion rate would require an increased falsepositive rate of 0.4 or greater. Table 2 shows the values of c 1 , c 2 and d together with the predictive values corresponding to three contingent screening policies with a 0.1 or 0.2% false-positive increase. In each case, only a small proportion of women would need to be referred for first trimester invasive prenatal diagnosis and they would form an extremely high risk group, about 25 to 65 times higher than the group risk for those referred in the second trimester. The group risk in those needing second-trimester screening is also high, although the range of risks is very wide, and the false-positive rate is 3 to 5 times higher than that for the whole screened population. The values of c 1 and c 2 are governed by the choice of early detection and completion rates respectively. In the current analysis, to facilitate comparison with the Integrated test, we have fixed the overall detection rate at 85%. This means that for any given values of c 1 and c 2 the value of d will be completely determined. For example, with a 30% early detection rate, increasing the early completion rate from 75 to 80% means lowering the second trimester risk cut-off from 1 in 126 to 1 in 155 in order to maintain the 85% overall detection rate (see Table 2 ). The net effect of these changes is to increase the false positive by an estimated 0.1%. Had the cut-off remained at 1 in 126 the overall detection rate would have decreased to 84%.
Contingent screening could be improved further by adding free β-hCG to PAPP-A in the first trimester and replacing it in the second trimester with intact hCG. This will allow additional early detection or early completion without a marked increase in the false-positive rate. Thus, early detection and completion rates of 50 and 75% or 30 and 85% respectively could be obtained by a false-positive rate that was just 0.3% greater than the standard Integrated test. Alternatively, the same early detection and completion rates as in Table 2 could be obtained with a false-positive rate below that of the Integrated test.
DISCUSSION
We have demonstrated that, at the cost of a small reduction in overall performance, an appropriate contingent screening policy can permit clinicians to disclose the first-trimester results of a sequential screening programme. Women who are at an extremely high risk of carrying an affected fetus can have an early diagnosis, with up to half of the Down syndrome pregnancies detected by the whole programme, identified early. Furthermore, second-trimester screening can be avoided in up to 80% of the unaffected pregnancies. The marker parameters used in this analysis were from the SURUSS, which was an intervention study and so the Down syndrome means are subject to viability bias. This arises because a proportion of those having termination of pregnancy because of extreme marker levels would have been destined to miscarry anyway, whereas nonviable cases with normal levels will not be known to the investigators. In the SURUSS, intervention was generally delayed until the second trimester so that bias, although present, would have been reduced somewhat. The SURUSS investigators suggest that a degree of bias is acceptable by adopting second trimester risk cut-offs rather than term risks as we have done, and is the norm in many countries.
When the analysis was repeated using an unbiased set of parameters (Cuckle and Arbuzova, 2004) , based on a meta-analysis including several hundred Down syndrome cases, the findings were essentially unaltered. The only other difference is that unlike the SURUSS, these parameters assume that PAPP-A is measured at 10 weeks but NT is determined at 11 to 13 weeks when it is more reliable. As more data on between-trimester correlations emerges, the meta-analysis can be updated. However, this is only likely to change the specific first-and second-trimester cut-off risks, not the general conclusions.
To allow comparison with the SURUSS, we chose to fix the detection rate at 85% and examined the effect on the false-positive rate. For a wide range of early detection and completion rates, the difference between the Integrated test and contingent screening was marginal. Fixing the false-positive rate and allowing the detection rate to vary would have led to the same conclusion. For example, for a 0.6% false-positive rate, the Integrated test detection rate is 80%, whilst contingent screening with early detection and completion rates of 30 and 80% has a detection rate of 79%.
The discriminatory power of PAPP-A is greatest at 10 weeks' gestation, which is why the Integrated test is designed to begin the sequential process at this gestational age. However, in practice, errors in gestational dating will dictate that for many women PAPP-A is tested at 11 to 13 weeks when it is less useful. In contrast to PAPP-A, the discriminatory power of free β-hCG improves as the first-trimester advances, and when both markers are measured, the two effects are almost counterbalanced (Cuckle and Arbuzova, 2004) . Since this combination is less sensitive to gestational age error, it might be the preferred option. Our model predictions are that contingent screening with NT, serum PAPP-A and free β-hCG at 10 weeks, and AFP, hCG, uE 3 and inhibin at 14 to 20 weeks, the early detection rate and the early completion rate can be further increased with few extra false-positives.
Contingent screening offers considerable psychological and clinical advantages over the Integrated test of early diagnosis, and if necessary, termination of pregnancy, and early reassurance for large numbers of women. It also overcomes the difficulties for health professionals, clearly expressed in the literature, imposed by non-disclosure over a long waiting period. On the other hand, as many as 25% of women will have a similarly long wait before their tentative first-trimester risk assessment can be resolved by the further markers. Another problem, though probably less serious, is explaining to women why different risk cut-offs are being applied to define high risk in the two trimesters. It remains to be seen what the actual preferences of women are.
Statistical modelling has proven to be a useful tool in the evaluation of competing Down syndrome screening strategies. But modelling rests on assumptions that do not always apply in practice. Even if these assumptions hold, it tends to overestimate efficacy (Aitchison and Dunsmore, 1975) . Both the current analysis and the Integrated test modelling in the SURUSS (Wald et al., 2003) are reliant on the assumption that a Gaussian fit is reasonable in the tails of a multivariate distribution. These efficient methods require the Gaussian model to hold further into the extreme tails of the multi-variate distribution than less efficient strategies.
The practicality of sequential screening policies has yet to be established. One issue is the extent to which non-compliance to the protocol will lead to additional early invasive testing. This arises for the Integrated test when the NT is extremely large and for contingent screening when the first-trimester risk is not high enough to warrant intervention but higher than the cut-off for a non-sequential test. In order to examine the relative psychological impact, statistical validity and practicality of both contingent screening and the Integrated test, it will be important to carry out prospective intervention studies.
